Objective: To examine our experience with ANH and to determine the success of our postnatal follow-up program.
Background
Routine use of obstetrical ultrasound (US) allows for the detection of antenatal hydronephrosis (ANH) in 0.5 to 4% of all pregnancies (approximately 40 000 to 160 000 new patients in the United States every year). [1] [2] [3] [4] The majority of these fetuses recover spontaneously but approximately 40% require postnatal follow-up, and in half of these cases, medical or surgical intervention was needed to prevent significant renal damage. The spectrum of genitourinary abnormalities detected antenatally is varied but the majority of patients have ANH. 5 It is commonly accepted that no specific etiology can be identified in 48% of ANH cases. [1] [2] [3] [4] [5] Physiologic changes are seen in 15%, ureteropelvic and ureterovesical junction obstructions account for 11% of the cases, 9% have vesicoureteral reflux, 4% have unilateral or bilateral megaloureters, 2% of all cases have multicystic dysplastic kidney (MCDK) and 1% have ureterocele. 1, 3, 6 Regardless of the cause, it is expected that about half of the ANH cases will resolve before delivery or during the first year of life. 2, 6 For the other half there will be a need for postnatal follow-up as persistent uropathy is expected to occur in 12% of mild, 45% of moderate and 88% of severe ANH cases. 1,3,4,7 -9 Successful management of ANH requires dependable fetal surveillance, prompt neonatal evaluation, including sonography, and when indicated, referral to a pediatric urology service for further consultation and/or treatment. [3] [4] 10 Although some investigators have expressed concerns regarding compliance with postnatal consultation, the majority of them did not address the specific question of how many infants never benefited from established ANH follow-up. 1,3-4,11 -13 Methods The Regional Perinatal Center (RPC) is comprised of Maternity and Newborn services at The Ohio State University Medical Center (OSUMC) and Neonatology and Pediatric Urology services at Nationwide Children's Hospital (NCH). These institutions are located 5 miles apart in Franklin County, Ohio. Our RPC serves principally central and southeast Ohio where approximately 40 000 live births occur every year (about 18 000 are born either at OSUMC or in the other four maternity hospitals in Franklin County). In our hospital, most patients undergo a first trimester US for pregnancy dating and a subsequent midtrimester anatomical survey. Thereafter, and according to the individual patients needs, sonographic follow-up may be recommended. All obstetrical US are read by Maternal Fetal Medicine (MFM) specialists who also provide a concurrent recommendation. A significant number of obstetrical patients from Ohio and other adjacent states are referred to our MFM specialists for consultations.
A diagnosis of ANH was made when unilateral or bilateral renal pelvic dilatation of >4 mm before 20 weeks or >7 mm after 34 weeks of gestation was observed. [1] [2] [3] [4] 7 After 34 weeks of gestation, severity of ANH was defined as mild (7 to 9 mm), moderate (10 to 14 mm) or severe (X15 mm).
1-2,4,14 Since MCDK, duplication of the collecting system, ectopies or renal dysplasias are part of ANH differential diagnoses, fetuses with those conditions remained in the study. Patients with bilateral lesions were considered as one subject. Fetuses with major malformations including aneuploidy were excluded from the study.
Our MFM specialists' recommendations following US diagnosis of ANH fell into the following categories: additional antenatal sonographic evaluation, prenatal urology consultation or, if closer to delivery, postnatal evaluation by a pediatrician or a pediatric urologist.
For the purpose of this investigation, the assumption was made that most fetuses with ANH will have been delivered in our perinatal region and, if referred for postnatal evaluation, would have been seen at NCH Pediatric Urology Service.
During the study period (January 2004 to June 2008), all obstetrical USs performed in our RPC (approximately 15 000) were reviewed and those with the diagnosis of ANH were selected. Electronic inpatient records of women who delivered at OSUMC and their infants and those of infants seen by a pediatric urologist for evaluation of ANH were examined. The renal US, voiding cystourethrogram and diuretic renography reports for all infants who had ANH (regardless of place of birth) and were evaluated at NCH were also reviewed.
Postnatal follow-up was considered successfully established when the patient with unresolved ANH has been evaluated at least once in the pediatric urology service and/or had two normal postnatal USs (one after the first week and the other after the first month) that documented resolution of ANH. In the absence of these two prerequisites, infants were considered lost to follow-up. 3 Traditional barriers to compliance with outpatient health care visits (that is, socioeconomic status, place of residence, distance to the specialized source of care, level of education) were also studied. This retrospective investigation was approved by the Review Boards of both institutions.
Statistical analysis
Demographic and clinical information from infants who successfully completed postnatal ANH follow-up and for those lost to follow-up were compared. Student's t-test was used for continuous variables, and w 2 tests (with Yate's correction) or Fisher's exact tests were used for categorical variables. To determine independent effects of confounding variables (mothers age, race, gravity, county of residence, antepartum diagnosis, gestational age at the time of the last sonography, number of obstetrical US, prenatal urology consultations and the last MFM specialist recommendation) with successfully established postnatal follow-up, logistic regression analysis was performed. A P-value <0.05 was considered statistically significant.
Results
Of 268 pregnant patients with ANH, 129 (48%) were residents of Franklin county, 37 (14%) were from adjacent counties, 97 (36%) were from non-adjacent counties and 5 (2%) were from other states ( Figure 1 ).
After sonographic fetal surveillance was completed, 88 (33%) of all ANH cases were considered resolved and did not require further follow-up. The remaining 180 cases were deemed in need of further prenatal or postnatal follow-up.
Specific diagnoses for these 180 patients are presented in Table 1 . Unilateral and bilateral hydronephrosis of different severity were diagnosed in 72 (40%) and 68 (38%) cases, respectively. Hydroureters (unilateral or bilateral) were diagnosed in 12 (17%) of the cases, whereas MCDK occurred in 19 (10%). The remaining 9 cases (5%) represent a miscellaneous group that includes unilateral agenesis, duplication of collecting systems and ectopy of the kidney. The number of USs involved in the fetal surveillance program averaged 2.5 per patient with a range of 1 to 9.
Prenatal and postnatal follow-up recommendations At the time of the last US report, the MFM specialist recommended further prenatal sonographic surveillance for 44 of these 180 (24%) patients. At that time their median gestational age was 25 weeks, range 19 to 27. Thirteen of them (30%) had US elsewhere and eventually received postnatal evaluation by pediatric urology. The remaining 31 (70%) neither returned for further antenatal surveillance nor were seen postnatally by pediatric urology. Among patients lost to follow-up, 4 had bilateral and 9 unilateral moderate hydronephrosis, 1 had MCDK and the remaining 17 cases had minimal bilateral or unilateral hydronephrosis.
Prenatal urology consultation was recommended for 17 of the 180 (9%) patients. Sixteen of these 17 patients complied and were also seen postnatally by pediatric urology. Referral diagnoses for this group of patients were as follows: five bilateral and five unilateral hydronephrosis, four MCDK, one hydroureter and one duplication of collecting systems. At the time of the prenatal visit, 14 of the 16 patients were at a gestational age X34 weeks.
Postnatal follow-up of ANH L Cordero et al
Recommendation from an MFM specialist for postnatal follow-up by a pediatrician was given to 66 (37%) of 180 women. Thirty-six of the 66 (55%) patients were evaluated and referred to pediatric urology in our RPC. According to the referring obstetrician, 12 of the remaining 30 infants were deemed clinically healthy and no renal US or urological follow-up were done. No information was found for the rest.
A more specific recommendation for postnatal evaluation by the pediatric urologist was given to 53 of 180 (30%) of the patients. Among the 24 patients who complied with this recommendation were 16 who already consulted a pediatric urologist prenatally.
Analysis combining the preceding four groups (further prenatal or antenatal US surveillance, prenatal urology consultation, pediatrician postnatally or urologist postnatally) showed that only 89 of the 180 (49%) patients in need of postnatal investigation had successfully established pediatric urology follow-up (Table 1) . Eighty-five of these 89 patients were evaluated in our pediatric urology service, whereas the remaining four were followed at different hospitals. Postnatal evaluation of these 89 patients included a renal US for all, a voiding cystourethrogram for 55% and diuretic renography for 20% (Table 2) . Twenty-four of the 55 (44%) of patients evaluated with a voiding cystourethrogram had Logistic regression analysis showed that of all variables studied, only prenatal consultation with pediatric urology predicted with certainty the establishment of postnatal urology follow-up. The proportion of patients lost to follow-up was similar among those with private health insurance and those on public assistance. Proximity to the pediatric urology service was not a relevant factor as only 56% of residents of Franklin and adjacent counties established urological follow-up. Severity of ANH diagnosis did not increase compliance with postnatal follow-up.
Hospital of birth was known for 96 of the 180 (53%) patients; 38 were born in other hospitals and 3 were out of state. The fact that 55 of these mothers delivered at OSUMC provided an opportunity for closer scrutiny of our referral system. At the time of the study, electronic medical records contained US reports and MFM specialist recommendations but only a few selected outpatient notes. On arrival to the hospital for labor and delivery, information regarding ANH was limited to historical recollections from the patients. Thus, 36 of the 55 infants were promptly recognized, evaluated and referred to the pediatric urologist. This referral was completed by 28 patients, whereas for the remaining 8 (all residents of our county) were unsuccessful as none of them complied with their appointment.
The linkage between the diagnosis of ANH and postnatal followup was never established for 19 patients born at our RPC. These apparently healthy infants were discharged from the hospital without renal US or referral to pediatric urology. Last MFM specialist recommendation for this group of patients was for further sonographic surveillance (nine patients), clinical postnatal evaluation (four patients) and for specific urology follow-up (six patients). Their antepartum diagnoses were as follows: 3 moderate and 2 severe bilateral hydronephrosis, 1 bilateral hydroureter, 1 MCDK and 12 mild unilateral or bilateral hydronephrosis.
In spite of the fact that 13 of the 19 mothers had two or more USs and consultations at our RPC, none of them at the time of admission to labor and delivery recalled being followed for ANH. Information about level of education was available for 18 of these 19 women. Four of them had postgraduate degrees, five had attended college, six had completed high school, one had a General Equivalency Diploma, one completed 10th grade and one 7th grade. Only 3 of the 19 mothers had identified language barriers.
Discussion
The definition of ANH as well as the criteria used for severity are in agreement with those reported in the literature. 2, [13] [14] [15] The data presented here showed that in our perinatal region, fetal surveillance for ANH is available and accessible to all patients. Additionally, our data showed that the early recognition of conditions not compatible with survival and identification of cases whose ANH resolved before delivery was possible and that the antenatal diagnoses were accurate.
Maternal Fetal Medicine specialist recommendations for further sonographic surveillance were followed by only one-third of patients with ANH. It is possible that a perceived 'remoteness' to the time of birth and the potential for spontaneous recovery may have deterred compliance. Podevin et al. 11 reported that 43 of 72 (60%) ANH cases diagnosed before 29 weeks were lost to (11) 25 (28) 22 (25) 16 (27) 8 (36) 9 (56)
Bilateral hydronephrosis Mild 9 (10) 15 (17) 7 (47) 1 (7) 2 (13) Moderate (14)-severe (8) 22 (25) 9 (10) 4 (44) 2 (22) 2 (50) Unilateral hydroureter 6 (7) 9 (10) 6 (67) 1 (11) 5 (83) Bilateral hydroureter 3 (3) 4 (4) 3 (75) 1 (25) 1 (33) Multicystic dysplastic kidney 13 (15) 12 (13) 5 (42) 3 (25) 2 (40) Agenesis (4), duplex (1), ectopy (1) 6 (6) 5 (6) 1 (20) 1 ( (100) 49 (55) 18 (20) 24 (49) Abbreviation: VCUG, voiding cystourethrogram.
Postnatal follow-up of ANH L Cordero et al follow-up in contrast to none of the 7 patients diagnosed after 32 weeks. For those patients of more advanced gestation who were referred for prenatal urology consultation, compliance was nearly universal. An observation similar to that was made by Jaswon et al., 12 who surmised that more detailed information provided to patients by the pediatric urologist was the key to better compliance. To refer all ANH cases for prenatal urology consultation is not feasible. We propose that only those patients with moderate-to-severe ANH be referred.
Although it is possible that some of our patients had relocated out of the region and could have received postnatal care at another institution, this was not likely, considering that no more than 2% of these families would have moved out of the state during the short span of the study. 16 Three small prospective studies recognized that 10 to 30% of their ANH infants were lost to follow-up. 2, 12, [17] [18] More recently Lee et al., 3 in a meta-analysis (using a criteria similar to ours) noted that 246 (15%) of 1678 patients with ANH were lost to follow-up. Many investigators, however, have not mentioned any loss of patients in their ANH programs. [4] [5] 7, 10, 14, [19] [20] In one-fourth of cases, our MFM specialists recommended follow-up after birth with their pediatrician. As suggested by our data, half of these infants were deemed to be healthy and no postnatal renal US or other consultations were done. Although an abdominal mass may be the presenting sign of neonatal hydronephrosis, this is rare and in most cases these infants are asymptomatic. 10, 21 It is now widely accepted that only after two normal renal US (one after 5 days and another at 1 month) can resolution of ANH be entertained. 2, 7 Another recommendation commonly made by MFM specialists was to seek postnatal follow-up directly with the urologist. Though this more direct recommendation may have conveyed a greater sense of urgency and importance, it did not result in better compliance. Traditional barriers to health care (access, distance, financial resources, level of education and so on) were not found in this investigation to explain lack of compliance with follow-up appointments. [22] [23] [24] The discovery during a routine US of an anomaly such as ANH produces significant concern, parental anxiety and in many cases, extreme distress. [25] [26] Likely, this reaction is tempered by the notion that the majority of ANH cases will resolve spontaneously before or after birth during the first year of life. [3] [4] 7 For mothers who have been worrying throughout pregnancy, the sight of a healthy looking infant at birth provides some relief that may be short lived if the asymptomatic infant is required to undergo more testing. 21, 25 Our experience at the RPC indicates that lack of communication between those in charge of fetal surveillance and those responsible for maternal and neonatal care unfortunately also occurs. Patient awareness and patient recall has to provide the linkage between prenatal and postnatal ANH management. Our data on the level of education of the 19 patients who delivered their infants in our institution but who failed to recall ANH fetal surveillance is disconcerting. We hope that the adoption of an electronic outpatient medical record, the creation of a fetal registry for congenital malformations and an intensified patient education program will improve compliance.
Summary
We have described an accessible and efficient fetal surveillance program for management of ANH. Unfortunately, the weak linkage between fetal and postnatal surveillance allows for an unacceptable number of infants to be lost to follow-up. Better communication between providers of fetal surveillance and those responsible for neonatal and postnatal evaluation is critical. Clinicians should recognize the limitation of physical examination and the advantages of postnatal renal US. Efforts should be made to improve parents understanding of the natural history of ANH, especially of the risk of renal damage for those left unrecognized or untreated. Lack of patient's recall and complacency toward postnatal follow-up is a reality that must be addressed. It is our hope that our study will encourage others to review their experience and to determine the success of their programs not only by the number of infants who participated but more importantly by addressing the needs of those lost to follow-up.
